Abstract. Pim-1 proto-oncogene, serine/threonine kinase (PIM-1) phosphorylates a series of substrates to exert its oncogenic function in numerous malignancies. The present study investigated the clinical significance of the PIM-1 protein, apoptosis status and apoptosis-associated proteins, including forkhead box O3a (FOXO3a), B cell lymphoma-2 (BCL-2) and BCL-2-associted agonist of cell death (BAD), were investigated in salivary gland adenoid cystic carcinoma (ACC) tissues. PIM-1 expression levels in 4 pairs of ACC tissues and corresponding normal salivary gland tissues were determined by western blot analysis. PIM-1, FOXO3a, BAD and BCL-2 expression levels in 60 ACC tissues were evaluated by immunohistochemistry (IHC). A terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling assay was performed to detect the apoptosis status of ACC tissues. PIM-1 was revealed to be highly expressed in ACC tissues compared with adjacent normal tissues. IHC staining results demonstrated high expression ratios of PIM-1, FOXO3a, BCL-2 and BAD [33.33% (20/60), 51.67% (31/60), 51.67% (31/60) and 55% (33/60)], respectively, and significant correlations between the expression of PIM-1 and FOXO3a and BCL-2 (P<0.05). Apoptotic rates were significantly associated with PIM-1, FOXO3a, BCL-2 and BAD expression levels (P<0.05). PIM-1 expression levels were significantly associated with tumor size, lymph node involvement, nerve invasion, distant metastasis and weakly associated with tumor node metastasis stage. Kaplan-Meier survival curves revealed that PIM-1 expression level was significantly associated with disease-free survival of patients with ACC (P=0.009). Cox regression multivariate analysis results revealed that histotype, distant metastasis and apoptotic rate were independent prognosis factors for ACC. Assessment of PIM-1 may be useful in investigating the malignant behaviors of ACC and predicting the outcome of patients with ACC.
Introduction
Salivary gland adenoid cystic carcinoma (ACC) accounts for ~10% of cases of epithelial salivary tumors and has a low 5-year survival rate (<20% in patients with highly metastatic tumors) (1, 2) . The development of ACC involves the interaction of oncogenes and tumor suppressor genes, similar to most other types of tumor (3) . However, the precise mechanisms underlying ACC carcinogenesis remain to be elucidated (4, 5) .
PIM kinases are oncogenic and are known to phosphorylate numerous substrates to exert their functions and have important roles in numerous malignancies. PIM-1, Pim-1 proto-oncogene, serine/threonine kinase (PIM-1) is upregulated in a number of cancer subtypes and the overexpression of PIM-1 is thought to be involved in cancer-specific apoptosis signaling pathways (6) (7) (8) (9) (10) (11) (12) . Apoptosis is modulated by complex pathways that involve a series of apoptosis-associated proteins. As a substrate of PIM-1 kinase, Forkhead box O3a (FOXO3a) is a proapototic transcription factor and regulates the expression of numerous apoptosis-associated genes to induce apoptosis (13) . It has previously been revealed that the invalidation of FOXO3a by PIM-1 may downregulate its transcriptional function and aid cell survival (14) . It has been previously established that the B cell lymphoma-2 (BCL-2) family includes the most well-known apoptosis-associated proteins (15) . As an anti-apoptotic factor of the BCL-2 family, BCL-2 is able to restrain the mitochondrial permeability transformation and interact with proapoptotic proteins to inactivate them. BCL-2-associted agonist of cell death (BAD), a proapoptotic member of the BCL-2 family, normally binds to the BCL-2/BCL-X complex and triggers apoptosis. A previous study demonstrated that PIM-1 physically interacted with BAD and was suggested to be an essential molecular mechanism underlying PIM-1-modulated cell apoptosis (16) . This evidence indicated that FOXO3a, BAD and BCL-2 were involved in the PIM-1-associated apoptosis process (13) (14) (15) (16) The present study evaluated protein expression levels of PIM-1 and apoptosis-associated proteins, including FOXO3a, BAD and BCL-2 in 60 ACC tissues by immunohistochemistry (IHC). Terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling (TUNEL) assay was performed to evaluate the apoptosis rate in ACC tissues. The associations between PIM-1 and apoptotic status and apoptosis-associated proteins were deduced. Furthermore, associations between PIM-1, apoptotic status, apoptosis-associated proteins and clinical parameters, including prognosis, were analyzed.
Materials and methods
Tissue specimens. The present study was approved by the Ethics Committee of Zhejiang Cancer Hospital (Hangzhou, China). A total of 60 paraffin-embedded ACC tissue samples, 4 fresh ACC tissues and 4 fresh normal salivary gland tissues were obtained from Zhejiang Cancer Hospital between November 2002 and April 2013. These were taken from the hospital bank archive, and subsequently were ʻfreshly preparedʼ between the years 2002-2013, and so they were still covered by the retrospective approval form provided. There were 23 male, 37 female patients and the mean age was 51 (range between 28 and 78). All patients underwent surgical treatment and all tumor samples were histopathologically confirmed to be ACC.
Western blot analysis. ACC tissue samples were ground with Tissue Lyser-II (Qiagen GmbH, Hilden, Germany) and lysed with radioimmunoprecipitation assay lysis buffer (P10013B; Beyotime Institute of Biotechnology, Haimen, China). Subsequently, the BCA Protein Assay kit (Beyotime Institute of Biotechnology, Haimen, China) was used to evaluate the protein concentration. All samples were maintained at -70˚C prior to electrophoresis. Each sample containing 50 µg of protein was separated using 12% SDS-PAGE. Following electrophoresis, the proteins were transferred from the gel to nitrocellulose membrane (Immobilon-P SQ Transfer Membrane; EMD Millipore, Billerica, MA, USA). Membranes were blocked in TBS buffer (50 mM Tris-Cl, 150 mM NaCl, pH 7.6) supplemented with 5% non-fat dry milk at room temperature for 3 h. Subsequently, the membranes were incubated with primary antibodies against PIM-1 (EP2645Y; 1:1,000 dilution; Novus Biologicals, Ltd., Cambridge, UK) and GAPDH (R1208-3; 1:2,000 dilution; Huabio Technology, Hangzhou, China) at 4˚C overnight prior to incubation with horseradish peroxidase-labeled Goat Anti-Rabbit IgG (G+L) (HA1001; 1:2,000 dilution; Huabio Technology) at room temperature for 3 h. Subsequently, the membranes were washed in TBST (B1009; Applygen, Beijing, China) and exposed to 2 ml enhanced chemiluminesence reagent (TJWBKLS0100; Tiengene, Guangzhou, China). The images were captured and analyzed using Bio-Rad GelDoc XR (Image Lab 4.1; Bio-Rad Laboratories, Inc., Hercules, CA, USA).
IHC. Sections (4-µm thick) of paraffin-embedded tissues were cut, mounted on glass slides (MS-coated glass; Matsunami Glass Ind., Ltd., Kishiwada, Japan) and dried overnight at 37˚C. Following deparaffinization and antigen retrieval in 0.01 M citrate buffer, the slides were inactivated for endogenous peroxidase activity in 3% H 2 Evaluation of IHC staining. The staining results of IHC for no staining, light yellow, yellow-brown and brown were defined as the mean of 0, 1, 2 and 3 staining intensity score, respectively. The staining distribution scores were presented as the percentage of nuclei staining positive cells and the total cells as 0, 1-25, 26-50, 51-75 and >75% and defined as 0, 1, 2, 3 and 4, respectively (17) . The criterion of final scores was evaluated by multiplying the staining intensity score and the staining distribution score. Those with a score of <5 were defined as ʻlow expressionʼ and those with a score of ≥5 were considered as ʻhigh expressionʼ.
TUNEL assay. TUNEL staining was performed to quantify apoptosis. Sections (4-µm thick) of paraffin-embedded ACC tissues were cut and stained with the TUNEL kit (Roche Applied Science, Madison, WI, USA), according to the manufacturer's instructions. Briefly, tissue sections were incubated with proteinase K for 20 min at 37˚C, and rinsed twice with PBS (5 min each). Subsequently, TUNEL reaction mixture (terminal deoxynucleotidyl transferase (TdT) buffer: TdT end-labeling cocktail=1:9) was added to the samples at 37˚C for 60 min and washed with PBS. Next, sections were treated with converter POD at 37˚C for 30 min and colored with DAB.
Cancer cells with dark brown nuclei were considered apoptotic when investigated under a light microscope at x200 magnification. The TUNEL index for ACC tissues was evaluated by the percentage of positive cells in one field of vision. At least three fields were randomly selected and 200 cells in each area were counted per slide.
Statistical analysis. SPSS version 10.0 (SPSS, Inc., Chicago, IL, USA) was used to analyze all experimental data. The data are presented as ʻhighʼ and ʻlowʼ levels. Associations between PIM-1 and FOXO3a, BCL-2, BAD expression levels, apoptotic rate and the clinical parameters in ACC tissues were analyzed using the χ 2 test or Fisher's exact test. The Kaplan-Meier method was used to perform survival analysis and significant differences were evaluated by means of the log-rank test. Multivariate analysis with the Cox regression model was used to determine the prognostic factors. P<0.05 was considered to indicate a statistically significant difference.
Results

Protein expression levels of PIM-1 in ACC tissues and corresponding normal salivary gland tissues.
A total of 4 matched pairs of ACC tissue and corresponding normal salivary gland tissue were randomly selected for western blot analysis. As presented in Fig. 1 , PIM-1 protein expression was higher in tumor tissues compared with in matched normal tissues.
Expression levels of PIM-1, FOXO3a, BCL-2 and BAD in ACC tissues. IHC staining for protein expression levels of PIM-1, FOXO3a, BCL-2 and BAD in ACC tissues are shown in Fig. 2 . High expression ratios of PIM-1, FOXO3a, BCL-2 and BAD were 33.33% (20/60), 51.67% (31/60), 51.67% (31/60) and 55% (33/60), respectively. Table I presents significant associations between the expression of PIM-1 and FOXO3a (P=0.018). Furthermore, the expression of BCL-2 also had a significant association with the expression of PIM-1 (P=0.044). There was no association between the expression of PIM-1 and BAD.
TUNEL staining indicates apoptosis status of ACC tissues.
The apoptotic rate analyzed by a TUNEL assay in ACC tissues was 36.65±23.94 (range from 5 to 94). Those with a score <36.65 were defined as ʻlow apoptotic rateʼ and those with a score ≥36.65 were considered to have a ʻhigh apoptotic rateʼ. Fig. 2E presents the TUNEL assay stain results of low/high apoptotic rate tissues. As presented in Table II , the apoptotic rate was significantly associated with PIM-1, FOXO3a, BCL-2 and BAD expression levels. Patients with higher apoptotic rates tended to have lower PIM-1 and BCL-2 expression levels, and higher FOXO3a and BAD expression levels. Furthermore, the present study investigated the associations between apoptotic rate and clinical parameters, including sex, age, T-status, tumor node metastasis (TNM) stage, tumor location, tumor size, histological type, lymph node involvement, nerve invasion and distant metastasis. However, apoptotic rate had no significant associations with any clinical index.
Association between the expression of PIM-1, FOXO3a, BCL-2 and BAD levels, and the clinical characteristics in ACC tissues. As presented in Table III , PIM-1 levels were significantly associated with tumor size, lymph node involvement, nerve invasion and distant metastasis, whereas theywere weakly associated with TNM stage. FOXO3a expression level was closely associated with T-status, tumor size and lymph node involvement. There were significant associations between BAD level and TNM stage and distant metastasis. BCL-2 expression level revealed no significant associations with any clinical index.
Survival analysis. In the present study, patients' average follow-up time was 68.23±38.69 months (mean ± standard deviation; range from 15 to 156 months). Patients with a follow-up of >5 years accounted for 36.7% of all patients. At the end of the follow-up, 4 patients (6.7%) were not included as data was not available, 10 patients (16.7%) experienced disease recurrence, 20 patients (33.3%) had passed away and 36 patients (60%) remained alive.
Kaplan-Meier survival curves (Fig. 3A) demonstrated that the PIM-1 level was weakly associated with the overall survival of patients with ACC (P=0.062). patients with higher PIM-1 expression levels had a poorer prognosis compared with patients with lower PIM-1 expression levels. Fig. 3B revealed that apoptotic rate, reflected by TUNEL results, had a significant impact on the prognosis of patients (P= 0.033). The outcomes for patients with higher apoptotic rates were more favorable compared with those with lower apoptotic rates. Additionally, the present study revealed that there was a significant association between tumor histotype and the survival of patients with ACC (P=0.038; Fig. 3C ). However, other clinicopathological parameters, including sex, age, T-status, TNM stage, tumor location, tumor size, lymph node involvement, nerve invasion, distant metastasis and other proteins, including FOXO3a, BCL-2 and BAD levels, had no significant impact on the overall survival of patients with ACC. Furthermore, the present study demonstrated that PIM-1 expression level was significantly associated with disease-free survival of patients with ACC (P=0.009; Fig. 3D ). It is worth noting that Cox regression multivariate analysis revealed that histotype, distant metastasis and apoptotic rate were independent prognosis factors for patients with ACC (P<0.05; Table IV ). Table Ⅰ . Association between the expression levels of PIM-1 and FOXO3a and BCL-2 and BAD in ACC tissues. Table Ⅱ . Association between the apoptotic rate and PIM-1, FOXO3a, BCL-2 and BAD expression levels in ACC tissues. 
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Discussion
Previous studies have suggested that PIM-1 is important for carcinogenesis and metastasis in numerous types of human cancer (6) (7) (8) (9) (10) (11) (12) . The present study selected 4 pairs of ACC tissue and corresponding normal tissues and revealed that PIM-1 was overexpressed in ACC. IHC results demonstrated that PIM-1 was highly expressed in 33.33% (20/60) of ACC tissues. Furthermore, PIM-1 expression was significantly associated with tumor size, lymph node involvement, nerve invasion and distant metastasis. Patients with larger, lymph node involvement positive, nerve invasion positive and distant metastasis positive ACC tissues revealed higher PIM-1 levels. There was a weak association between the expression level of PIM-1 and ACC TNM stage. Survival analysis demonstrated that patients with higher PIM-1 levels had a shorter disease-free survival time and poorer prognosis. This suggested that upregulation of PIM-1 may promote the disruption of cell proliferation and homeostasis to drive malignant aggression and lead to a poor outcome. Dysregulation of apoptosis is a vital feature of oncogenes and a number of previous studies have revealed that PIM-1 has an important role in apoptosis (18) (19) (20) . The present study demonstrated that the apoptotic rate had a significant association with PIM-1 expression level in ACC patients' tissues. Patients with higher PIM-1 levels tended to have lower apoptotic rates. These results suggested the importance of PIM-1 in tumorigenesis of ACC, which involved the imbalance of apoptotic events. The associations between apoptosis, degree of malignancy and the prognosis of cancer patients have been well-studied (21) (22) (23) (24) (25) (26) . Patients with high apoptotic rates have a more favorable outcome compared with those with low apoptotic rates (21) (22) (23) (24) (25) (26) . In the present study, the apoptotic rate analyzed by TUNEL assay was associated with a significant impact on the patients' prognosis and was revealed to be an independent prognostic factor. These results are consistent with previous studies and demonstrated the importance of apoptosis in the prediction of outcome in ACC (21) (22) (23) (24) (25) (26) .
As a proapototic transcription factor, FOXO3a is a phosphorylation substrate of PIM-1. FOXO3a may upregulate proapototic proteins, including Bim and FAS ligand to trigger apoptosis (13) . The present study revealed that PIM-1 protein expression level had an inverse association with FOXO3a Association between PIM-1 protein expression determined using immunohistochemistry and disease-free survival time of ACC patients. P-values were calculated using the log-rank test. ACC, adenoid cystic carcinoma; Cum, cumulative; PIM-1, Pim-1 proto-oncogene, serine/threonine kinase. expression level in ACC tissues. The significant association between FOXO3a level and apoptosis was observed in the present study. Furthermore, IHC results demonstrated that FOXO3a expression levels were closely associated with clinical parameters, including TNM stage, tumor size and lymph node involvement. Previous studies revealed that FOXO3a was significantly associated with clinical stage and lymph node involvement in nasopharyngeal carcinoma and ovarian cancer, which were in agreement with our current findings (27, 28) .
The findings obtained from the ACC tissues in the present study also demonstrated that BCL-2 protein expression levels had a significant association with PIM-1 expression level, whereas BAD protein expression level had no association with PIM-1 level. Furthermore, the present study revealed that BAD protein expression level was significantly associated with TNM stage and distant metastasis. Taken together, these results suggest PIM-1 may exert its oncogenic function by regulating apoptosis, which involves the interaction of BCL-2 family and FOXO3a proteins.
As a frequently occurring malignant epithelial neoplasm, ACC originates from the salivary glands (1,2). The growth modes of ACCs are histologically categorized into three types: Cribriform, tubular and solid (3, 4) . It has been previously established that solid types of tumor are markedly more malignant compared with the other two types (29) . The present study did not observe associations between histotype and PIM-1, FOXO3a, BCL-2, BAD levels or apoptotic rate. However, the survival analysis demonstrated that tumor histotype was significantly associated with patient prognosis. Furthermore, Cox regression results revealed that histotype was an independent prognosis factor. The results of the present study were in line with previous studies, that suggested histotypes have important roles in the aggressive behavior of ACC (30, 31) .
The results of the present study confirmed that PIM-1 was overexpressed in ACC tissues and associated with FOXO3a, BCL-2 expression and apoptotic rate. PIM-1 was revealed to be significantly associated with tumor size, lymph node involvement, nerve invasion and distant metastasis, and is weakly associated with patient survival. Furthermore, the present study determined that apoptotic rates were significantly associated with PIM-1, FOXO3a, BCL-2 and BAD expression levels in ACC tissues. The results of the present study also revealed that histotype, distant metastasis and apoptotic rate were independent prognosis factors. Considered together, the current findings suggested that PIM-1 kinase is a novel molecular biomarker and a promising prognostic marker for ACC. 
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